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JIRACT:

Vibration end shock tests were pertormed for Formel Qualification testing

of two oxidizer tank relief valves S/N 508 and 544, The tests were performed
at the vitration =nd shock tacilities of the Douglas Dynamics Laboratory,
Sants Monica, California, from Merch 2} through May 2, 1961.

The tests were authorized under Formel Quaiification Test Program SM 46532
and General Test Plan SM 41412 for test plan item FQ 1~%A. : :

PURPOSE

The purpose of the tests wes to demonsteate the ability of the test specimen
to meet the requirements ot Test Procedure Drawing 1T23923, revi
and Test Control Drawing 1T06426, revision J. AL
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The purposes of this fechnical memorandum are to describe @ @%docuggpﬁg‘me
vibration and shock portions of the tests and to transmit t sion!f'icanB
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. TEST PLAR AND
PROGRAH Saturn ITEM reum?zz:;fz
TEST PLAN UINE PART NO. |
ITEM TITLE Oxidizer Tenk Reli 1019590-515 "BD"
al DSVl Ber dated Februsry 2, 1900
TECHHICAL MENMORANDUM gy o N 4 -
NUSBER(S) (3 gfg;ij (j / dated December T, 1907

~R-5000-3, deted Septerber 25, 1057

ENGINEERING RESOLUTIONS
AND CONCLUSIONS

l. Quelifdcetion status of the 1AH9FC“~)15 va1ve is based on the testing of
© Specimens {3 nd nh, Tegt gpecimsng gl end 77 are of the obsolete ~513
configurstion and sre not assocliated with the qualificetion of the ~515
configurati

-1 ' . . . 2

o, Externsl leaksge up to 3 scim oceurred on Specimen 3. The SCD has been
reviged to gllow 10 scim meximunm external leakage by the 1449590 "AS"
change.

3. Internsl leskage in excess of th 50 scim aTloxcc for non-vibrstion
environments occeurred with Spe;‘rc, 3 and Spzceimen s, Theae Tailures

are gttributed to contaminsbion during test and insdequate methods of
A~

keeping moisture and lce ocut of the specimen as confirmed by successTul

retests following flushing and drying operatiocns.

Continued on Attsched Sheet

(USE CORTINUATION SHEET AS NECESSARY )

STATEMENT OF
QUALIFICATION

Baesed on the Formal Gualification test results presented in the attached
report, it is the conclusion of the Douglas Aircraft Compeny thal the
ghove item continues to be quslified for use as intended on the Saturn
S~IVB.
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Internsl leskese in excess of the 3000 scin allowed Tor vibration

. - . . v R o . RZA .
ervirorments orcurred with Svecimen 73 and Specimen silt,  The vibrshion
levels specified for this test were prescribed to include maxirmm

3

levels, which sre experienced during static firing. Zhey are signi-
ficantly more severe than the levels experienced during vehicle flighnt
modes. Vibvration testing eccomplished under I-9C tested lift-olf and
Flight levels separate from static firing levels. These test results
proved that the high leskege rates experienced during the vibration
phagse of formal guslification testing are not experienced &t the lower
flight 1eve¢s. Since a8ll vent gas, during static Tiring, is ducted

a3

away From the test stand and adequate helium is available from & ground
supely, the higL leskege wrate ig not significant at that time.
R o , 2 .
1 eracking pressures of Specimen 73 arve attributed to inadequate
! T,‘r“ w,iuburw and ice out of the specimen, The valve
cif after it was baked dyy.

2 ail queld vasuvn are
fkcviity lir ::zlfﬂ“ susing & f]cw rcauriction et the
This was evic differences betwesn inlet
nd wllage prezsure g re operation. The valve re-
in specification during post therma] vacuun in the normal
facilily. :
eracking pressures of Specimen j i arve attributed to a lesk in
rence bellows in the comtroller portion of the specimen. Ehis
svacimen was unlike Specimen 3 »3 insofaxr es #ﬁ was the only -515 wvalve
made without & heliuvm back? 111 in the reference bellovs The Jack of
helinm diﬁ not lend itseld to the efrficient method of &~Lacting lagks
enployed by the vendor 1n,th aemilacture of all other bellows.




EQUIPMENT
Iest Specimens

TM=DSY4B-ENV=RE094~-}
Page 2 ot 5

The test specimens were two oxidizer tank relief valves, test plan item
FQ 1-9A, manufactured by W. O, Leonerd, Incorporated, Pasadena, Calitornia,

manufacturer's P/N 217250-2,

The test specimens were identlfied as

fol lows:
JEST SPECIMEN NO. _SERIAL _NO. . LPART _NUMBER
508 1A49590-5] SAN-
544 IA49590-51 5AK=1 036

Each test specimen, in turn, was installed on'vibrafion test fixture
ITO2802 with associated hardware and components in accordance with test
The test fixture weighed approximetely 146 pounds.

assembly drawing I1TQ/503,

st ui nt

Vibration and shock test equipment included the tollowing:

1TEM MANUFACTURER MODEL, TAG/SER« NO.

Oscillographs CEC 5-124 3036(#1) 3037 (#2)

Calvanometers CEC 7=326 *

Accelerometers Endevco * *

Charge Amplifiers Endevco 2713A *
Unholtz-Dickie * *

Tape Recorder Ampex PRIO 640519

Tape Rfcorder Ampe x CPi00 625831

Equal izer/Analyzer Ling ASDE-80 61182512

X~Y Recorder Moseley 2 986

Oscillator Technical Products  TP626 611595-2

Analyzer Techncial Products  TP627 €11595-3

Integrator Technical Products  TP633 611595-1

Vibration System Ling A=259 (1) . 611825

Waveform Synthesizer Exact 200 634060

Camera Polaroid s 562276=2

Memoscope Hughes 1 05A —

Tracking Filters Spectral Dynamics SDIOLA 641625, 641626

Digital Date System

Douglas

* Channel assignments and instrumentation informetion are presented on

peges Al through A6,

Accuracy and repeatability were verified by standard calibration procedures
during the perilodic calibration and certification of the test equipment,
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PROCEDURE

Each test specimen, in turn, wes installed on the vibration exciter head for
excitation in the thrust axis and was supported on a slip table for
excitation in the redial and tengential axes., Accelerometers were installed
in the locations and orientations described on pages Al Through A6 and shown
on page A7,

Tests, consisting of sinuscidal sweeps, followed by random excitation, and
then shock pulses, were performed.in each of the three mutually perpendicular
axes defined on page A7,

Sinusoidal sweeps were performed from 5 to 2000 10 5 cps with the frequency
changing at the rate of one octave per minute. Input levels were as
fol lows:

F cps LEVEL
5 - 25 0.032 inch D.A. Disp.
25 - 47 1.0g (O - peak)
47 e 200 .0088 inCh D.AD DESP.
200 - 2000 7.5 (0 - peak)

Tracking filters with 20 cps bandwidth were used on the control accelerometer
and the alternate control accelerometer, The filtered signal from the
control accelerometer was used in the control circuit at trequencies below
200 cps. The filtered signal from the alternate control accelerometer was
monitored and its acceleration level consirained so as not to exceed test
specification levels at frequencies below 200 cps. This peak limiting was
accompl ished with the use of override control techniques at the control
console. The unfiltered signal from the control accelerometer was used for
control above 200 cps.

Sinusoidal data were recorded on oscillograph charts, FM magnetic tape, and
the digital data system.

Random vibration tests were pertormed for each axis in the following steps:

l. With the test specimen installed, the spectral density equalizer was
set to 1/4 of the full-power speclflca*lon and the spectrum was
checked visually by examination of the equal izer meters,

2. When the setting appeared satisfactory, a brief full=-power run was
made, during which time the signal response of the control acceler-
ometer was recorded on & magnetic tape loop and subsequently analyzed.
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PROCEDURE (cont inued)

3. When the fape (oop snalysis showed a satisfactory spectrum, the
remainder of the full-power run was completed.

Random vibration tests were performed for a total duration of |12 minutes
in each axis. 1nput levels were as follows:

FREQUENCY (cps). . LEVEL |
20 - 60 .0Y gzlcps
60 = 120 +10 db/octave
120 - 2000 .1 g%/cps

Random data were recorded by the digital dets system, and on FM magnetic
tape.

Betore the shock tests were performed, system accuracy was checked as fol lows:

I. Horizontal scale sccuracy was verified by standard callbration procedures
during the periodic calibration and certification of the memoscope.

2. Vertical input deflection was adjusted by inserting a calibration
signal corresponding to a known acceleration level and adjusting the
memoscope potentiometer until the trace peaks coincided with the
desired vertical scale divisions,

Shock pulses were shaped by a waveform synthesizer, displayed on a memoscope,
and photographed by a Polaroid camera,  The input level for all axes was
as follows: .

Number . . ., « « . . Three pulses per axis '
Input Shape ., . . . Half sine wave
Acceleration . . . . 209 (O - peak)
Duration ., . . . . 10 ¢ milliseconds

Shock response data were recorded on oscillograph charts and FM tape,
Low temperature, pressure, and operational requirements associated with

the vibration and shock tests were conirolled, monitored, and documented
by the prime l|aboratory, group ADDO,
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RESULTS AND D1SCUSSION
Sinusoldal date are presented @s plots of Acceleration versus Freguency on
the folliowing pages:

SERIAL NO, JAXIS PAGE. NUMBER
544 Radial A8  through AIlO
544 Tangential All  through Al3
544 Thrust Al4  through Al6
508 Radiat! Al7 through Al9
508 Tangential A20 through AZ2
508 Thrust A23 through A24%

* Data below |5 cps on pages A23, A24, and A25 were invalid because of an
incompatible noise-to-signal ratio, However, the input was verified by
closely monitoring the controi signal on the conscie meters during the
test.

Random vibration date are presented as equalization control plots of
Spectral Density versus Frequency on the following pages:

SERIAL NO, AXIS PAGE NUMBER
544 Radial A26
544 Tangential A27
544 Thrust A28
508 Radial AZ29
508 Tangential A30
508 Thrust ) A3l

Shock test data re presented as photographic plots of Acceleration versus
Time on page A32 tfor S/N 544 and on page A33 for S/N 508, These date were
approved by the Task Force representative, .

Oscillograph charts and FM tapes of response accelerometer signals recorded
during sinusoidal and random vibration testinmg and shock tests are stored

in the AGBI flles in accordence with the.deferred data policy described in
memorandum A270-AGBO-06145,

Vibration and shock test requirements for Formal Qualtification testing of
test specimens S/N 544 and S/N 508 were satistactorily met,

ATTACHMENTS

Pages Al through A33
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DOUGLAS AIRCRAFT COMFANY , INC.
FAGE NO. 1.3

SINUSOIDAL FREQUENCY SWEEP REFORT NO. ALOZZ-/

SIV-B OXIDIZER TANK RELIEF VALVE
(F@ I-SA)

CONFIGURATION --- S/N 544
NOTE... SEE PAGE A7 TEST CONCITIONS....

FOR PICK UP LOCATION TEST DATE.veveeeseress 03/21767
COMMENT--- REFERENCE CHANNEL AXIS OF EXCITATION.... RADIAL
LEGEND . .. FICK UP NUMBER ( 1)... 1 ND51 UNFILTERED

UPSWEEP FICK UP RESPONSE...... RADIAL
DOWNSWEEP —--—--- INPUT ACCEL.PER PAGE..
1000.0
~
100.0
.
(L]
~
Z =" — =~ TN ——
] W/
O 6.0 ]
= : yal 4/
- -4
/
< 7.8
o 7/
w 4
_J 7
w ,4’,
-
O "
(& /f
€ i /]
' 4
P 4
7
/
P
r
/
/
04
v
V
/
0.1 Y,
10. 100. 1000.

FREQUENCY (CPS)



COUGLAS AIRCRAFT COMPANY , INC.

SINUSOIDAL FREQUENCY SWEEP

FAGE NO.
REPORT NO.

SIVv-B OXIDIZER TANK RELIEF VALVE

(FQ@ I-SA)

CONFIGURATION --- S/N 3544
NOTE... SEE PAGE _47 TEST CONDITIONS....
FOR FICK UP LOCATION TEST DATE . ¢ 503165 536 5016 03/21/67
COMMENT--- REFERENCE CHANNEL AXIS OF EXCITATION.... RADIAL
LEGEND. .. PICK UF NUMBER ( 1)... 1 ND51 FILTEREL
UPSWEEP PICK UP RESPONSE...... RACTAL
DOWNSWEEP ---~-~ INFUT ACCEL.PER PAGE..
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COUGLAS AIRCRAFT COMPANY , INC.
SINUSOIDAL FREQUENCY SWEEP

SIV-B OXIDIZER TANK RELIEF VALVE
(F@ I-3SA)

FAGE NO. M_
REPORT NO. ~@27% -/

CONFIGURATION --- S/N 544
NOTE... SEE PAGE TEST CONDITIONS....
FOR PICK UP LOCATION : TEST DATE 5 aco w0 nos's ... 03/21/67
COMMENT-=~ AXIS OF EXCITATION.... RADIAL
LEGEND. .. PICK UP NUMBER ( 2)... 2 NC65 FILTERED
UPSWEEP FICK UF RESPONSE...... RADIAL
DOWNSWEEP --~--- INPUT ACCEL.FER FAGE..
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SINUSOIDAL FREQUENCY SWEEP
SIV-B OXIDIZER TANK RELIEF VALVE

(F@ I-3SA)

G"S

ACCELERATION

CONFIGURATION =--=- S/N_544
NOTE. .. TEST CONDITIONS....

FOR PICK UP LOCATION TEST DATE.csoocoscness 03/23/767
COMMENT--~- REFERENCE CHANNEL AXIS OF EXCITATION.... TANGENTIAL
LEGEND... PICK UF NUMBER ( 1)... 1 ND51 UNFILTERED

UFSWEEP PICK UP RESPONSE...... TANGENTIAL
COWNSWEEP INFUT ACCEL.FER FAGE..
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DOUGLAS AIRCF.

MPANY

INC.

SINUSOIDAL FRzQUENCY SVYEEP

SIV-B OXIDIZER TANK RELIEF VALVE .
(FQ I-3A)

CONFIGURATION --- S/N 544

FPAGE NO. _d/_z_.

REFORT NO.

RLOTE -/

NOTE... SEE PAGE TEST CONCITIONS....
FOR PICK UP LOCATION TEST CATE+.vevuneene.. 03/23/67
COMMENT~-- REFERENCE CHANNEL AXIS OF EXCITATION.... TANGENTIAL
LEGEND... FICK UP NUMBER ( 1)... 1 ND51 FILTERED
UPSWEEP FICK UP RESPONSE...... TANGENTIAL
COWNSWEEP —==~—= INPUT ACCEL.PER PAGE..
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G"S
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ACCELERATION

DOUGLAS AIRCRAFT COMPANY , INC.
FAGE NO.

 SINUSOIDAL FREQUENCY SWEEP  kerort vo.
SIV-B OXIDIZER TANK RELIEF VALVE
(FQ I-SA)

CONFIGURATION --- S/N 544
NOTE... SEE FAGE _A7 TEST CONDITIONS....

FOR PICK UP LOCATION TEST CATE.evrvn.. vev.. 03/23/67
COMMENT--~ AXIS OF EXCITATION.... TANGENTIAL
LEGEND. .. FICK UF NUMBER ( 2)... 2 NC65 FILTERED

UPSWEEP

PICK UP RESPONSE...... 729A/F
COWNSWEEP ~----- INFUT ACCEL.PER PAGE..
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DOUGLAS AIRCRAFT COMPANY , INC.
FAGE NO. Miﬁ“._

SINUSOIDAL FREQGUENCY SWEEP REFORT No. /REC7T !

SIV-B OXIDIZER TANK RELIEF VALVE
(FQ@ I-SA)

CONFIGURATION --- S/N 544
NOTE... SEE PAGE TEST CONCITIONS....

FOR PICK UP LOCATION . TESY PATE.ccccisvanvoe 03/723/67
COMMENT~-- REFERENCE CHANNEL AXIS OF EXCITATION.... THRUST
LEGEND. .. FICK UP NUMBER ( 1)... 1 ND51 UNFILTERED

UPSWEEP FICK UF RESPONSE...... THRUST
COWNSWEEP ------ INFUT ACCEL.FPER PAGE.. - ST I
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COUGLAS AIRCKAFT COMPANY , INC.

FAGE NO. -d_(é‘_.
SINUSOIDAL FREQUENCY SWEEP REPORT No, REC7F
SIV-B OXIDIZER TANK RELIEF VALVE

(FQ I-3A)

CONFIGURATION --- S/N 544

/

NOTE... SEE PAGE _A7 TEST CONCITIONS....

FOR PICK UP LOCATION TEST CATE.ueeeenennens 03/23/67
COMMENT--- REFERENCE CHANNEL . AXIS OF EXCITATION.... THRUST
LEGEND... PICK UF NUMBER ( 1)... 1 NC51 FILTERED

UP SWEEP PICK UF RESFONSE...... THRUST
DOWNSWEEP -~---- INPUT ACCEL.FER PAGE.. £
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COUGLAS AIRCRAFT COMPANY , INC.

Pace No. _ALE
SINUSOIDAL FREGQUENCY SWEEP REFORT No. A0 ¢/

SIVv-B OXIDIZER TANK RELIEF VALVE
(FQ@ I-3A)

CONFIGURATION --- S/N 544
NOTE... SEE PAGE _A 7 TEST CONDITIONS....
FOR PICK UP LOCATION TEST CATEweneeenennass 03/23/67
COMMENT--- AXIS OF EXCITATION.... THRUST
LEGEND. .. FICK UF NUMBER ( 2)... 2 NC65 FILTERED
UPSWEEP PICK UP RESPONSE...... THRUST
DOWNSWEEP =----- INFUT ACCEL.FER PAGE.. __ . o
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COUGLAS AIRCRAFT COMFANY , INC. 177
FAGE NO. _ 72 _

SINUSOIDAL FREQUENCY SWEEP REPORT NO. Aol -

SIV-B OXIDIZER TANK RELIEF VALVE
(F@ I-SA)

CONFIGURATION --- S/N 508
NOTE... SEE PAGE TEST CONDITIONS....

FOR PICK UF LOCATION TEST BATYE oo s 000 cansin 4/24/67
COMMENT--- REFERENCE CHANNEL AXIS OF EXCITATION.... RADIAL
LEGEND... FICK UP NUMBER ( 1)... 1 NC51 UNFILTERED

UF SWEEP PICK UP RESPONSE.¢«es. RACIAL
COWNSWEEF -==~-=~ INFUT ACCEL.FER PAGE..
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COUGLAS AIRCRAFT COMPANY , INC.
SINUSOIDAL FREQUENCY SWEEP

SIV-B OXIDIZER TANK RELIEF VALVE
(FQ@ I-3SA)

/52
PAGE NO. _ﬁf_’_

REFORT NO. A2LI7% -~/

CONFIGURATION --- S/N 508
NOTE... SEE PAGE TEST CONCITIONS....

FOR FICK UP LOCATION TEST DATE 2 aie wis 509 6 510 9o & 4/24/67
COMMENT--- REFERENCE CHANNEL AXIS OF EXCITATION.... RADIAL
LEGEND... FICK UP NUMBER ( 1)... 1 ND51 FILTERED

UFSWEEP FICK UF RESFONSE...... RACIAL
COWNSWEEP -=-==-- INPUT ACCEL.PER PAGE..
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SINUSOIDAL FREQUENCY SWEEP
SIV-B OXIDIZER TANK RELIEF VALVE

DOUGLAS AIRCRAFT COMPANY , INC.

PAGE No. _A/7
REPORT No. ZE07% /

(FQ@ I-8A)

CONFIGURATION --- S/N 508
NOTE... SEE PAGE TEST CONDITIONS....

FOR PICK UFP LOCATION TEST PATE s isawooimemsuin 4/24/67
COMMENT~~~ AXIS OF EXCITATION.... RACIAL
LEGEND... FICK UF NUMBER ( 2)... 2 HB88 FILTERED

UPSWEEP FICK UP RESPONSE...... RADIAL
COWNSWEEP —-===- INFUT ACCEL.PER FAGE..
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CONFIGURATION ~---
NOTE... SEE PAGE
FOR PICK UF LOCATION

DOUGLAS AIRCRAFT COMPANY , INC.

'SINUSOIDAL FREQUENCY SWEEP

Face No. 729
REFCRT NO. ALBOF ¥~/

SIV-B OXIDIZER TANK RELIEF VALVE

TEST CONDITIONS...

(FQ I-9A)

TEST DATE.vvevoseeacas 4/28/67

" QOMMENT--- REFERENCE CHANNEL " AXIS OF EXCITATION.... TANGENTIAL . .
LEGEND. .. ; FICK UF NUMBER { 1)... 1 ND51 UNFILTERED
UPSWEEP FICK UP RESPONSE...... TANGENTIAL
DOWNSWEEP -=--=- INFUT ACCEL.PER PAGE.. _ii-=
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COUGLAS AIRCRAFT COMPANY , INC.
PAGE No. A2/

SINUSOIDAL FREGQGUENCY SVWEEP REPORT No. BT

SIV-B OXIDIZER TANK RELIEF VALVE
(FQ@ I-SA)

CONFIGURATION --- S/N 508
NOTE... SEE PAGE _47 TEST CONDITIONS.... v
FOR FICK UF LOCATION TEST DATE s s veaeasiias 4/28/67
COMMENT--- REFERENCE CHANNEL AXIS OF EXCITATION,... TANGENTIAL
LEGENC ... - PICK UP NUMBER ( 1)... 1 ND51 FILTERED
UPSWEEP PICK UP RESFONSE...... TANGENTIAL
COWNSWEEP -==-=~ INFUT ACCEL.PER PAGE.. ...
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ACCELERATION

1

6"s )

C

!

CONFIGURATION --=

SINUSOIDAL FREQUENCY SWEEP
SIV-B OXIDIZER TANK RELIEF VALVE
' (F@ I-3SA)

FAGE NO.
REPORT NO.

AZZ2
BEOTE

S/N 508 .
NOTE... SEE PAGE TEST CONDITIONS....
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